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Abstract

This prospective study evaluates the role of robotic surgery in the
management of large renal stones. Robotic renal stone surgery is
safe and effective, and may be considered among the treatment
options for large renal calculi in adults, especially for patients with
concomitant ureteropelvic junction obstruction. The benefits
brought by robotic systems include improved 3-D visualization,
greater dexterity, precision, and increased range of motion. Thus,
robotic pyelolithotomy has been recommended for the treatment of
renal calculi with concurrent upper tract abnormalities. The efficacy
and safety of robotic pyelolithotomy as a treatment of large renal
pelvic stones and partial staghorn stones is evident in our study, with
a substantially high stone clearance rate. We were able to complete
the robotic procedures safely and successfully in all but one of our
38 patients, who was converted to open surgery due to bleeding
and severe adhesions. Overall, we found this procedure feasible,
safe, efficacious, and high yielding in the management of large renal
stones, especially when the procedure is accompanied by renal pelvis
reconstructive surgery.
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Introduction

Percutaneous nephrolithotripsy has replaced the

especially the renal stones with concomitant UPJO.
Robotic surgery for upper urinary tract pathology
has proved to be effective and advantageous to

open nephrolithotomy since the early 1980s
and has become the standard procedure in the
management of large renal stonest. The increasing
popularity of laparoscopic surgery for ureteropelvic
junction obstruction (UPJO), along with success rates
similar to those of open surgery®, has encouraged
urologists to explore the feasibility of managing
large renal stones using the laparoscopic approach;

laparoscopic surgery®4. Particularly, it demonstrated
an outstanding success in renal surgeries, including
radical and partial nephrectomies and pyeloplasty for
UPJOP®. With the emergence of robotic pyeloplasty
and its subsequently proved efficacy, pyelolithotomy
has become an integrated part of this procedure when
needed®. We report our three-year experience with
using robotic surgery in our institution to manage
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large renal pelvic calculi and partial staghorn stones,
with or without concomitant UPJO.

Materials and Methods

Setting

This prospective study was conducted at King
Abdulaziz University Hospital between January 2010
and December 2012. The ethical committee approved
the study and each patient provided an informed
consent.

Patients Selection

We included adult patients who underwent robotic
pyelonephrolithotomy. Inclusion criteria were adults
(> 18 years-old) with large renal pelvic stones (> 30
mm) with or without multiple small caliceal stones; or
partial staghorn stones with 1-2 caliceal stones. Both
radiopaque and radiolucent calculi not responding
to medical treatment were included. Stones with
concomitant UPJO were included as well. All patients
were symptomatic at presentation (flank pain and/or
hematuria). Exclusion criteria were patients under the
age of 18 years-old and patients with previous renal
surgeries.

All patients performed the routine preoperative
laboratory tests including urine culture, non-enhanced
computerized tomography scan of abdomen and pelvis
(Figs. 1 and 2) and diethylene triamine pentaacetic acid
(DTPA) renal scan for the patients with concomitant
UPJO. Prophylactic third generation cephalosporin
were given to all patients prior to the surgery.

Technique

All  procedures were performed through the
transperitoneal approach using 3-arm da Vinci robotic
surgical system (Intuitive Surgical). After induction of
general anesthesia, while the patient was in lithotomy
position, cystoscopy with insertion of double-J stent
was performed. If that seemed difficult a ureteric
catheter was inserted just distal the stone to facilitate
stent insertion after stone removal.

The patient was then placed in a flank position with
no flexion of the operating table. Pneumoperitoneum
was developed and four ports were placed as shown
in Figure 3. The 12 mm camera port was placed 2-3
fingerbreadths lateral and superior to the umbilicus.
Two robotic arms 8 mm ports were inserted a
handbreadth superior and inferior to the camera port.
A fourth 10 mm assistant port was inserted between
the camera port and the lower robotic arm port.

Figure 1. Pre-operative image of partial staghorn stone with multiple lower caliceal calculi.
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Figure 2. Frames 1-4: Pre-operative CT for bilateral large multiple renal calculi. Frame 5: Post-operative image after right robotic
pyelolithotomy showing double-J stent and stone-free right kidney.

Figure 3. Positioning of the patient, and the sites of ports for robotic pyelolithotomy.
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After medial reflection of the colon, the ureter
was identified and traced up to the renal pelvis where
complete dissection is a key factor. Often there is much
adherent inflamed fat around the renal pelvis, which
requires cleaning. Careful attention to the renal hilum
vessels is important at this point since they become
very close to the working field. Once the pelvis was
dissected and prepared, a vertical incision was made
over the stone with scissors, and then the stone was
delivered with a stone forceps (Fig. 4). We often used
a laparoscopic right angle forceps to release the inside
adhesions of the stone. In case there were more
stones that could not be reached, flexible cystoscopy
was inserted through the renal pelvis incision and
the stones were removed with a grasper or basket.
The stones were removed through the 12 mm port,
while large stones were placed in a specimen bag and
removed at the end of the operation. After all stones
were cleared, we ensured proper positioning of the DJ
stent, then the renal pelvis was closed with running
4-0 Vicryl sutures (Ethicon Inc., Somerville, NJ USA). In
patients with coexisting UPJO, robotic Anderson-Hynes
dismembered pyeloplasty or Heineke-Mikulicz repair
were utilized. A suction drain was left at the site of
operation, and was brought through one of the ports.

Results

Patients’ age varied between 24-53 years old, with
a mean of 40.3 years. Thirty (78.9%) patients were
males, while eight patients were females. In 24 (63.2%)
patients, the stones were located on the right side,
whereas 14 patients harbored stones in the left side
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Figure 4. Intraoperative pictures demonstrating the opened pelvis with the stone inside the pelvis (Frame 1), and the double-J stent
(Frame 2).

(Table 1). Thirty-two (84.2%) patients had partial
staghorn stone, and six patients had large solitary
stone (> 30 mm) with or without multiple small caliceal
stones. The mean stone size was approximately 45
mm (32-59). Thirty-two (84.2%) of patients had an
extrarenal pelvis while the remaining six patients had
an intrarenal pelvis. Sixteen (42.1%) patients had
concomitant UPJO and underwent concomitant repair.
The mean operative time was 173 minutes (165-257)
(timed from the placement of the Veress needle to
skin closure). The mean robotic console time was 148
minutes (134-186). The estimated blood loss ranged
between 100-500 cc, with a mean of 150 cc. The
mean hospital stay was 3 days (2-5). The follow-up
period varied between 4-18 months with a mean of 13
months. All procedures were successfully completed

Table 1. Patients’'demographics and characteristics.

Characteristics

Patients (n) 38

Mean age, years; mean (range) 40.3 (24-53)
Male, n (%) 30(78.90%)
Female, n (%) 8(21.10%)
Right side, n (%) 24 (63.20%)
Left side, n (%) 14 (36.80%)
Extrarenal pelvis, n (%) 32 (84.20%)
Intrarenal pelvis, n (%) 6 (15.80%)
Partial staghorn stone 32 (84.20%)

Large solitary stone” 6(15.8%)
Stone size, mm; mean (range) 45 (32-59)
Concomitant UPJO, n (%) 16 (42.10%)

“Large solitary stone > 30 mm, with or without multiple small caliceal stones.
TUPJO = Ureteropelvic junction obstruction.
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Table 2. Perioperative outcomes.

Variable
Operative time, min 173 (165-257)
Console time, min 148 (134-186)
Estimated blood loss, mL 150 (100-500)
Hospital stay, day 3(2-5)
Follow-up, months 13 (4-18)
Conversion to open 1
Residual stones 1
Post-operative complications, ileus 1

via robotic surgery, except one patient who was
converted to open surgery due to bleeding and severe
adhesions. There was no evidence of residual stones in
the postoperative imaging of 37 (97.4%) patients. One
patient demonstrated small residual caliceal stones,
which were treated successfully by extracorporeal
shock wave lithotripsy. One patient developed
postoperative ileus, which subsided uneventfully after
two days (Table 2). No other significant perioperative
complications were observed, and none of the patients
have required a blood transfusion.

Discussion

Renal stone management has evolved dramatically,
starting from open technique passing through
extracorporeal shock wave lithotripsy, uretroscopy
to the percutaneous nephrolithotomy which has
become the treatment of choice for large staghorn
calculi™.  Nevertheless, the evolution continues,
especially with the introduction of laparoscopy in
the management of renal stones, described in 1983
by Wickham®, and many studies have subsequently
described laparoscopic management of urinary
stones!'®, Whereas Schuessler et al™ introduced
the role of laparoscopic pyeloplasty in 1993, a decade
later Gettman and colleagues” reported on Anderson-
Hynes dismembered pyeloplasty performed with
the da Vinci robotic system. Mufarrij and coworkers®
presented a series of 140 robotic pyeloplasty; of them
13 patients underwent concomitant stone extraction.
They concluded the safety, durability and efficacy of
the procedure for the repair of primary and secondary
UPJO and for removal of stones. Many other studies
have proven the success of robot assisted laparoscopic
pyelolithotomy as well. Lee et al® presented their
data in robot assisted laparoscopic pyelolithotomy
with five patients and they concluded that the

procedure was safe and efficacious. Badani et al."” also
reported the feasibility and safety of robotic extended
pyelolithotomy with an average stone size of 4.2 cm.
Further, Atug et al'® reported the concurrent stone
extraction and UPJO repair using robotic laparoscopic
surgery to be a safe and successful procedure. The
benefits brought by robotic systems include improved
3-D visualization, greater dexterity, precision, and
increasedrange of motion. Thus, robotic pyelolithotomy
has been recommended for treatment of renal calculi
with concurrent upper tract abnormalities; e.g., UPJO,
pelvic kidney, and caliceal diverticulum{®¢8,

Inthe current study, all procedures were performed
transperitoneally, using the 3-arm da Vinci robotic
surgical system. We utilized robotic assistance in all
dissections, except the dissections of the stones, which
were done by robotic forceps and/or laparoscopic right
angle forceps. The majority of our patients (84.2%)
had an extra renal pelvis. The dissections and stone
extraction were much easier in the extra renal pelves
compared to the intrarenal pelves, which necessitated
more intra hilar exposure. We performed concomitant
dismembered pyeloplasty in 16 patients, who had
renal stones with coexisting UPJO.

The efficacy and safety of robotic pyelolithotomy
as a treatment of large renal pelvic stones and partial
staghorn stones was evident in our study, with a
substantially high stone clearance rate (97.4%). We
were able to complete the robotic procedures safely
and successfully in the majority of patients. We
converted to open surgery in one patient only due to
severe adhesions and bleeding. Furthermore, with
a mean operative time of less than three hours (173
minutes), mean hospital stay of three days, minimal
blood loss (mean of 150 cc) and no reported significant
postoperative complications, we deduce the safety
of this robotic transperitoneal approach. Overall, we
found this procedure feasible, safe, efficacious, and
high yielding in the management of large renal stones,
especially when the procedure is accompanied by
renal pelvis reconstructive surgery.

Conclusion

Robotic stone surgery is safe and effective; and may
be considered as an option in the management of
large renal stones, especially those with concurrent
UPJO. Further studies are required to better clarify the
indications of robotic renal stone surgery.
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